Olive mill wastewater (OMWW) is the black liquid byproduct of the olive extraction process. It is estimated that 10-30 million m 3 of OMWW are produced each year. Despite that OMWW contains plant nutrients; it is considered one of the most pollutants affecting soil and water. The high phenolic compounds found in Olive mill wastewater prevent its direct disposal into the environment. Treatment of OMWW is very important in many European and Mediterranean countries. Current physic-chemical processes are not practical in decreasing the high toxicity of OMWW. The use biological bioremediation might provide a suitable alternative in proper treatment of the effluents. In this work the white rot fungus Phanerochaete chrysosporium was used in detoxifying Olive mill wastewater. The fungus was able to grow on undiluted OMWW. Spectrophotometric studies revealed that after two weeks of treatment, total phenols were reduced by 60.1% compared to untreated OMWW. Interestingly, the toxicity of OMWW was significantly reduced. Barley seeds irrigated with Olive mill wastewater treated with the fungus showed 81.6% seed germination.
Introduction
The manufacturing process of olive oil yields a black liquid waste called 'olive mill wastewater' (OMWW) creating a major environmental problem in Palestine as other Mediterranean countries. While OMWW contains plant nutrients such as organic matter and micronutrients including N, P, K, Ca, Mg and Fe, it can result in the accumulation of salts and phytotoxic compounds in soil and can potentially contaminate aquifers (Santi et al., 2008) . The high concentration of darkly colored polyphenols in OMWW can discolor streams and rivers (Anastasiou et al., 2011) . OMWW can also have a deleterious effect on soil porosity and pH (Anastasiou et al., 2011 and McNamara et al. 2008 ). Moreover, the antibacterial phenolic fraction prevents its use for fertigation (Barakat et al., 2010; El-Hadrami et al., 2004) . The phenolic compounds in OMWW are mostly responsible for its phytotoxicity and properties (Ben Sassi et al. 2006; El Hadrami et al. 2004; Casa et al., 2003; Beccari et al., 1999) .
The presences of phytotoxic substances in OMWW make its disposal onto fresh water or onto land impossible (Anastasiou et al., 2011) . Due to high levels of phytotoxic and antimicrobial compounds such as monomeric-polymeric phenols, volatile acids and polyalcohols, OMWW is toxic to plants and soil micro flora and can affect the soil quality (Afify et al., 2009; Aytar et al., 2011) . Thus OMWW is inappropriate for watering and fertileizing purposes (Barakat et al., 2010) .
Treatment of OMWW is of crucial importance in many European and Mediterranean countries. OMWW constitutes a serious problem with a severe negative impact on soil and water quality and is a major agricultural waste stream for which disposal is associated with significant environmental repercussions (Ouzounidou et al., 2012 , Justino et al., 2012 and Capasso et al., 1995 .
Proposed physico-chemical processes such as evaporation ponds or lagoons have not been efficient in decreasing the high toxicity of OMWW to reduce the ecological impact of OMWW due to economic and technical reasons. Moreover, these methods do not alleviate the high COD or toxicity of OMWW (McNamara et al 2008) .
Biological remediation might be a promising alternative to the physical-chemical processes. Effective bioremediation resulting in significant reduction of phenolics allows safe and economical disposal of OMWW onto land or into surface waters. As another benefit, bioremediation may produce valuable products including an excellent fertilizer (Aytar et al., 2011) . In addition to that, effective bioremediation resulting in significant reduction of phenolics allows safe and economical disposal of OMWW onto land or into surface waters.
In Palestine, Olive production is considered the backbone of Palestinian agriculture. In 2011, about 93 thousand tons of olives were pressed with an extraction rate of 22.2% producing about 200 thousand cubic meters OMWW (Zibar). The majority of Zibar (44.5%) is disposed in Tight Cesspit (Palestinian Central Bureau of Statistics, 2011) . In addition to that, OMWW discharges into surface waters and spread to land which affects the soil's physical and chemical properties.
Several methods were investigated for OMWW treatment such as wet flocculation / coagulation (Flouri et al. 1996) , centrifugation and ultra filtration (Andreozzi et al., 1998 , Beccari et al., 1999 but most of the published research dealt with anaerobic treatment (Marques, 2001) . The aim of this work is to investigate the ability in reduction of phenolic compounds in OMWW using the white rot fungus Ph. chrysosporium. The use of Ph. chrysosporium for a practical treatment of OMWW was investigated (Mann et al. 2010; Kissi et al. 2001 ). This fungus can significantly reduce the color of this effluent and degrade the high and low molecular-mass aromatic.
Materials and Methods

1. Olive Mill Waste Water
OMWW was collected directly from presses and stored in 20 L plastic containers in the dark at the laboratory of the Technical and Applied Research Center (TARC) until use.
Fungal Isolation, Maintenance and Growth Conditions
Ph. chrysosporium were obtained from the culture collection of TARC. The fungus was maintained on potato dextrose agar (PDA) and stored at 4°C.
3. Fungal Growth on Liquid OMWW
OMWW-PDA was used as acclimation media, Ph. chrysosporium was grown on media containing increasing concentrations of OMWW (10, 20, 30, 50, 80 and 100%, v/v) . Fungal colonies grown on 100% OMWW were used throughout this work. To study the effect of the fungus on phenol removal, 125 ml Erlenmeyer flask containing 25 ml of different OMWW concentrations (25, 50, 75 and 100 %) were inoculated with 7 mm diameter PDA disks grown with Ph. chrysosporium. The flasks were inoculated with. The flasks were placed on a rotary shaker at 150 rpm for two weeks in the dark at room temperature. The effect of OMWW on fungal growth was measured by filtering the growth media on pre weight Whitman #1 filter paper. Mycelial dry weight was then recorded after drying the filter papers at 65°C for 24 h.
Measurements of Total Phenolic Compounds
Extraction of total phenols was conducted as mentioned in Quaratino et al. (2007) and LesageMeesen et al. (2001) . OMWW treated with the fungus were centrifuged at 3000 g for 5 min to remove fungal biomass. 2.5 ml was diluted to 50% and acidified to pH 2.0 with 5M HCl and extracted with ethyl acetate (1:1, v/v). Extraction was repeated twice and the solvent layers were combined in 100 ml beakers and allowed to evaporate under fuming hood. The residual material Science Target Inc. www.sciencetarget.com was dissolved in 2.5 ml methanol and the volume was completed to 25 ml with distilled water.
Total phenol concentration was determined spectrophotometrically at 460 nm wavelength using Folin-Ciocaltue reagent (Sigma Aldrich) according to Makkar et al. (1993) . The results were expressed as tannic acid equivalent (Figure 1 ). 
Phytotoxicity
Phytotoxicity of treated OMWW was tested on Barley (Hordeum vulgare L.). 30 seeds were distributed on Whitman No 1 filter paper in 9 cm petri dishes. 3 ml of OMWW was added and the plates were incubated at room temperature for three days in the dark. Tap water was used in the control experiment. Germinated seeds were then counted and the percent of germination was calculated. Pot excitements were also conducted on Barley seeds. The seeds were sown on 9 cm diameter pots filled with peat moss vermiculite (2:1 v/v). The pots were irrigated with 30 ml treated OMWW. The pots were kept in growth room at 16:8 h light dark photoperiod and 25°C.
Results and Discussion
Bioremediation processes are the most environmentally friendly and less expensive wastewater treatments (Justino et al., 2012) . However, the presence of some groups of inhibitory or toxic compounds in OMWW, such as polyphenols and lipids, might make OMWW not suitable for direct biological treatment. Experiments carried out to determine whether the fungus could grow in liquid OMWW media. After two weeks of incubation, mycelial dry weight (Figure 2 ) was significantly higher at 100% OMWW media. Several bioremediation techniques used diluted OMWW. In this work crude Olive oil wastewater was bioremediated with the fungus. Interestingly, at the end of second week of incubation, the concentrations of total phenols were 26.56 and 54.04 gL -1 in inoculated and none inoculated 100% (v/v) OMWW, respectively (Figure 3) . Aggelis et al (2003) showed the ability of some P. ostreatus strains to remove 86% of phenolic compounds from diluted (50% v/v) OMWW. In our work, total phenol concentration was reduced by 60.1% from crude none diluted OMWW.
The toxicity of the studied wastewater on seeds of Hordeum vulgare decreased significantly after biological treatment (Table 1) . Reduction of phytotoxicity is expressed as the % of seeds germinating in undiluted OMWW culture fluids of Ph. chrysosporium. 
Conclusion
Toxicity of OMWW is an important parameter that should be considered before its disposal into the environment. According to this work, Ph. chrysosporium was able to grow on OMWW without enrichment. The fungus was also able to reduce phenolic compounds. OMWW was less toxic to barley seed germination. However, further studies are needed to evaluate mass production of the fungus for optimal bioremediation of Olive oil wastewater.
